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From the Dragoni Lair to the Tacoma Bridge

From the Dragon's Lair to
the Tacoma Bridge
by Robert G. Fuller

Malone's suggestion of challenge. curiosity, and fantasy as the key aspects of instrinsic motivation for learning.
based on his analyses of computer games, is used as a format for discussing four interactive videodisc lessons
for general physics. The idea of challenging learning is expressed in the lessons based on the Physics and
Automobile Collisions and Energy Tranformations Featuring the Bicycle videodiscs. Curiosity is especially
evoked in the opening ballet scenes in the Studies In Motion videodisc. As pan of a fantasy story line, students
are asked to solve the puzzle of the Tacoma Narrows Bridge collapse in a videodisc lesson with that title.

The history of interactive videodiscs before 1983 is
a painful one to us in education. During the early
years the exciting uses of videodiscs seemed to be
reserved for corporate and military training projects.
We began to wonder if we would ever have widespread use of videodiscs in education. Then we were
saved from extinction by the advent of the fmt videodisc arcade game. Dragon's Lair. Instantly. interactive videodiscs reached an enthusiastic. young, lay
audience. Soon schools and colleges began to wonder
how to use this technology.
-

-

Dr. Roben G. Fuller. Professor of Physics at the
University of Nebraska-Lincoln, received his PhD
in physicsfrom the Univcrsiryof Illinois. Dr. Fuller
served as the President of the American Association
of Physics Teachers in 1980. He presently enlivens
his university work by serving as the director of the
ADAPTprogram a Piagetian-based, tnultidisciplinary program for freshmen at UNL, and writing
articles, sc+ts. and proposak for interactive
videodisc and computer lessons in physics. He may
be contacted at University of Nebraska -Lincoln,
Lincoln NE 68588-0111 1402/472-2790).

It is clear to all of us in education that students
are coming to us with more interest and expertise
in interactive learning, especially through the use of
arcade games and microcomputers, than we faculty
members possess. Furthermore, many of these students have experienced interactive learning through
the use of microcomputers independent of instruction
in their schools.
Several features of this interactive learning are
in conflict with the formal educational processes as
we know them today. In the modern world all formal
education below the PhD level is essentially a batch
process. For years we have talked about individual
differences and individualized instruction. But walk
into any school, college, or university in the world
and look. What do you see? Batches of students all
being treated in the same manner by a teacher,
lecturer, or professor.
Now thanks to the low cost and ready availability of microcomputers. students can experience
interactive learning in an institutional setting. Our
most important learnings, e.g.. talking and walking,
have always occurcd in interactive settings, usually
in the informal setting of home. There are two key
aspects of interactive learning that challenge our
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traditional batch process of education. First, this type
of learning is immediately responsive to what the
learner does. No longer should the student have to
wave an arm to attract the teacher's attention to get,
perhaps, a response. Using a key, or mouse, and a
stroke or two, an interactive educational system
reponds immediately. Second, this type of learning
is individualized. The present size of the interactive
educational hardware limits the number of students
working at any one station to four or fewer students.
The individual station is probably best used by two
or three students working together. but one student
can also use the equipment effectively. These two
components of interactive microcomputer-based
learning are orthogonal to the direction of batch
process education. These two aspects of interactive
education will bring many changes to formal education. This article considers what we can learn from
the United States' leading form of individualized,
interactive education-computeriLed arcade games and how they can shape our design of interactive
videodiscs.
Learning From Computer Games
The best of responsive, individualized, interactive
learning has always been interesting, at least in the
sense that it canied with it an intrinsic reward, goal,
or motive. For example, the rewards for talking and
walking, i.e., communicating and moving, are so
much a part of these skills that they can hardly be
separated from the learning process itself.
The instrimic value of learning and its associated
instrinsic motivation has received little attention in
traditional educational research. Educational systems
were developed with the end-product in mind. The
boring and dull aspects of drill and practice and rotelearning in daily school work were justified by the
value of the final product-mastery of the course
content.
The reinforcement theory of learning, with its
emphasis on external rewards, tased the pain of boredom by providing smiling faces and tokens for the
completion of repetitive lessons well done. Quite
naturally, the early years of computer-assisted
learning slipped into this mold.
During the 1960s a focus of attention on adult
learners highlighted the differences between mature
learning and school learning. The work of Allen
Tough (1979) and Malcolm Knowles (1978) emphasized the irnponance of the intrinsic value of learning
for adults. Knowles contrasted adult learning,

androgogy and its immediate payoff, with pedagogy
and its promise of eventual usefulness. Simultaneously, the research work of Jean Piagd (Inhelder and
Piaget, 1958) was beginning to influence more than
just the teachers of young children. Piaget's model
for intellectual development hinged upon an internal
process of equilibration. For Piaget, equilibration
was the intrinsic process of developing the use of
mature human reasoning.
Then came the arcade game craze of the 70s.
Young people deserted the home televi,sion set for
long hours, spending many quarters playing the new
videolcmputer games. This form of youth entenainment became especially prevalent in the United
States. where the game machines began to appear
everywhere. from carry-out food shops 10 giant
supermarkets. as well as in special arcade
gamerooms.
It naturally followed that educational theorists
became interested in the propenies of computer
games and what made the games so compelling.
Could the intrinsic motivation of computer games
be useful in designing interactive educat~onal
materials? In 1980 Thomas Malone published his
analysis of computer games. His research lead him
to examine the aspects of what made learning interesting. He subsequently published an article on
intrinsically motivating instruction (1981).
Malone's Theory of Self-Motivating Instruction
Malone organized his theory of self-motivating
instruction around three aspects: challenge, fantasy.
and curiosity.
Challenge

An educational environment is challenging if it
provides a goal whose attainment is uncertain. A
good goal is personally meaningful, one with which
the learner can identify. The goal should be obvious
or easily understood by the learner. Finally, in order
to be motivated. the learners need to obtain some
performance feedback to tell how well they are
achieving their goal. The uncertainty of reaching a
goal makes it challenging.
This uncertainty can arise from several causes.
First, a goal can have various levels of difficulty.
A higher-level goal can either require a lower-level
goal to be done better, i.e., faster or with fewer
errors, or be more difficult than a lower-level goal.
In an interactive learning environment, the levels of
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difficulty may be selected automatically on the basis
of performance by the learners, or chosen by the
learners to match their self-images, or be determined
by the skills of an opponent. Second, the uncertainty
of attaining a goal can be achieved by hiding information from the learner. a feature that seems to
provoke curiosity. Introducing randomness can also
heighten interest in an activity. Challenge is captivating because it engages the learner's self-esteem.
Success in a challenging educational task makes
learners feel better about themselves and inspires
them to undertake additional educational challenges.
One way we have found to create challenging
lessons for the students is to use the generation of
random numbers to make each time a lesson is used
numerically different from the previous time. This
has been especially useful in the game structure
adopted in the author's physics lessons. Students can
help and compete with one another during the same
time period. Since the underlying physics is the
same, but the numerical calculations are different
each time, we no longer worry about students helping
each other. We hope that with repeated use the unity

of the fundamental ideas behind the game become
more obvious. The challenge is to be able to
complete the game by doing the proper numerical
calculations.
Fantasy

Instructional environments can be made more
interesting and fun by using fantasy. Of course.
university physics courses already use the fantasies
of point objects and frictionless surfaces, but such
fantasies hardly evoke the wonder of students imaginations. One easy way to increase the fun of learning
is to take an existing lesson and overlay it with a
storyline in which the learner progresses toward a
fantasy goal or avoids a fantasy catastrophe. In
general, a fantasy that depends upon the knowledge
being used and the knowledge that grows out of the
fantasy scems to be the best kind of fantasy for
education. Malone called such fantasies intrinsic.
Fantasies seem to add beneficial cognitive and
emotional aspects to learning. Intrinsic fantasies help
the learner apply old knowledge to new situations.

Name

Lab Partner
Exploration
The Planet Puzzle
The star ship, Enterprise, visited the planetary system that surrounds the star, Greekon,
in the solar system called the Greek system. The ship and the crew visited four planets in
the system and collected representative samples of the material of each planet. Upon their
return to earth, under the supervision of Mr. Spock, the samples were cut into rectangular
parallelepipeds, and covered wth a heavy coat of space paint to protect the samples from
our oxygen rich atmosphere. Unfortunately, the laboratory assistants forgot to put proper
code numbers on the various samples.
You are given a sack containing 13 samples that were collected by the Enterprise crew.
Without damaging the space paint coat, separate these samples into four classes which you
think represent the material of each of the planets they visited.
What are the properties of these materials that you can use to classify them?
To assist you in this task you will find the following items on your lab table-a piece
of string, a tub of water, a meter stick, a pan balance, magnetic compass, graduated cylinder,
and some standard masses.

Box I . An example of using o space fantasy to provide motivafionfor a physics laboratory erperiment involving
rhe concepr of densiry.
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The vivid images of a fantasy can help students
remember what they have learned and satisfy some
of their emotional needs. Which seems more likely
to please a student, to solve a vector addition problem
or find a buried treasure?
Space adventures are excellent contemporary
fantasies for physics problems. Students have grown
up with Star Trek and Star Wars and are quite willing
to imagine the no-gravity. no-air resistance
environment of outer space. Such fantasies let the
physics game display only the properties of the
idealized motion of Newton's laws without the
complications introduced by friction. Even an
experiment that depends on the density of the
materials involved lends itself to a space story (see
Box 1).
Curiosity

Learning environments evoke curiosity by providing
an optimal level of complex information. The
environment should be novel and surprising. but not
incomprehensible. Cognitive curiosity seems to be
the desire to bring better form to one's knowledge
structures. In particular, Malone states that learners
want their knowledge to have completeness, consistency, and parsimony. Hence, computer games that
imply that the learner's knowledge is incomplete,
inconsistent, or unparsimonious can serve to engage
the learner's curiosity. Clearly. this is close to the
idea of disequilibration discussed by Piaget. Piaget's
work had suggested that cognitive conflict and
confusion serve essential roles in intellectual growth.
He pictured mature reasoning as a natural human
growth process fueled by the internal human tendency to seek understanding.
For example. at the end of some activities that
lead students to develop rules for predicting the final
temperature of mixtures of hot and cold water, the
invitation to be a consultant for the people of

Ooblahdee was presented. The students were very
curious about the water of Ooblahdee and readily
offered their services to solve this puzzle (see Box
2). Malone's insights thus have encouraged us to
make our physics laboratory activities more fun.
Self-Motivating Computer-Based Instruction
in Physics
Malone's work came to our attention just as we were
beginning to develop a series of computer-assisted
lessons in physics, and his ideas influenced what we
did.
One of the first things that strikes an observer
of computer games is the use of effective graphics.
If we wished to make use of the motivation of such
games, we then had to improve the visual images
we presented to students on the computer screen.
Fortunately, we had already purchased computers
with goodquality graphics capability. and had hired
an art student to use a digitizing pad to draw pictures.
We were well prepared to enter the world of educational computer games with good graphics (see Figure I).
We have previously developed a standard drill
and practice program to test our students' ability to
use both rectangular and polar coordinates in the
addition of vectors. We added a Treasure Island
game to this lesson. in which the student is asked
to take the role of Long John Silver and find the
treasure on an island (see Figure 2). Long John is
shown a slip of paper containing four pairs of
numbers, as the clues to where the treasure is buried.
Long John has a map of the island, a compass, and
his pace length to help him move around the island.
Long John must discover that the four pairs of
numbers are the coordinates of three bench marks
and the treasure, given with respect to the previous
location, i.e., the location of bench mark two is given

The people in the land of Ooblahdee have heard of your expertise as measurers of
temperature.
They asked yo11 to measure the temperature of the hot water in Ooblahdee with their
thermometer (which, unfortuantely only goes up to 35 degrees).
Formulate a plan to accomplish this task. Then ask the instructor for some hot water
from Ooblahdee and carry out the determination of its temperature with the Ooblahdeean
thermometer.
Box 2. Afrer &veloping some rules for predicting the final temperature of a mixture of hot and cold water.
the srudetus were given this task. 7hey were curious abouf Ooblohdeean water.
L

40
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Physics Games

Figure I . Using a graphics pad, an anirr can enliven any physics ksson with interesting picrures.

Figuw 2 As long John Silver. rhe srudents search for the hidden rruuure with o d y four p o i r ~of numbers
as clues.
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in terms of its location with respect to bench mark
one. Hidden in the clues is the fact that the pairs of
numbers represent, alternately, the rectangular and
polar coordinates of the benchmarks and treasure.
Long John is provided immediate feedback upon
entering the paces and direction for which he wishes
to move. If he chose the c o r m location, he is shown
at the benchmark; if he chose incorrectly. he is
shown in the swamp, in quicksand. or in the water
around the island. The random number generator of
the computer is used to make each treasure hunt
different in its details. Island shape, starting point.
benchmark locations, and treasure location are all
selected at random. The time it takes Long John to
find the treasure is measured and displayed on the
screen. The students using the shortest times to find
the trcasure are shown in a top ten list at the
succcssful conclusion of the hunt.
Our first use of this program with students was
so successful, we immediately adopted a Malone
approach to all of our new programs. We no longer
write our computer-based materials in any format
other than a game. This primarily involves us in
making up interesting and relevant fantasies to
provide intrinsic motivation for the study of physics.,
For example, one of our next lessons dealt with the
concept of the electric field. Usually, a student is
given the location and size of electric charges and
asked to calculate the electric field at some other
location. Instead, we transformed this assignment
into a search for electric charges hidden in a cloud.
Each cloud could hide two or three electric charges.
The student becomes Benjamin Franklin and places
a kite up in the sky to try to find the hidden charges
(see Figure 3). The computer calculates the electric
force on the kite and displays it as an arrow on the
screen. The numerical values of the force components are shown at the bottom of the screen. Unfortunately for Ben, this force destroys his kite at the
cost of S12.50 in continental dollars. But Ben gets
paid S15 by his local physicist for every hidden
charge he corrcaly finds and identifies as to the sign
@ositiveor negative) and amount (only plus or minus
one, two, and three units are used).
The preliminary evaluations (Winch 1982) of
the Ben Franklin game were more positive than for
the Treasure Island game. The fantasy surrounding
it is more complete. The students rate it as very
'U.N .C.L.E.(Univeristy of Nebraska Computer
Learning Expcrimnt) now has four physics games h a t run
on a graphics minicomputer. Terak 8510A, 1983.
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enjoyable and may spend up to two hours to complete
the game. Shortly after we completed this game. the
First International Computer Edgame Challenge was
announced. We entered our Ben Franklin game and
won the grand prize of the contest.
We have written storylines for several additional
games and have completed the programming for
some of them. We are now intrinsically motivated
to continue to further develop this approach to
instruction. A student wrote in evaluation of one of
these lessons:
This game. I believe, is a very successful way to
relate physics to the student. Mainly because its
fun in respect to learning, therefore the student
will stay 'awake" while being taught. Also, it
provides the student with the chance to
comprehend the material or lose in a fun way.
Mainly what Tm saying is it gives us a chance to
understand physics without the pressured
atmosphere. We can relax while learning.
We have found guidance for lesson design in
Malone's concepts of challenge. fantasy. and
curiosity. We are beginning to write more effective
and intrinsically motivating computer-based learning
materials in physics. But such efforts make
increasing demands upon highquality computer
graphics. Surely, we will be better off using the
excellent visual images made available by an
interactive videodisc system. In the next section four
interactive physics videodisc lessons relating to the
apsects of Malone's theory are described.

Learning From Interactive Videodiscs
How fortunate that just when we wanted to
incorporate intrinsic motivation into our lessons the
laser videodisc was on the market; now we can
combine color motion or still pictures and stereo
sound with our computerized learning materials. A
complete interactive videodisc system consists of a
micmmputer, a videodisc player. a color television
monitor, and the computer-to-videodisc player
interface. Each component of the system is available
commercially. Hence, it is possible for any
educational institution to setup an interactive
videodisc system. No great technical expertise is
needed to make this system available for classroom
use.
As yet, interactive videodisc systems have not
had widespread instructional use in colleges and

.
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Figure 3. As Benjamin Franklin, the students place a kite in the sky and use the forces on ir as a m y to
find the electric charges hidden in the cloud.
universities. At those institutions where they have
bten used. they are frequently available on a selfservice basis in a learning enter. A videodisc system
seems to work best when used by a small number
of students (two or three).
Some of the first educational videodiscs were
used to create archival materials based on visual
images. This has been a logical first step since the
production techniques for videodiscs arc an extension
of the technologies used for the production of movies
and broadcast television. The first educational
videodiscs available were collections of space
pictures from the satellite trips past Jupiter and Saturn
(Space Disc 1. 1982; See also Vol. 3, No. 2, of
VideodiscNi&otu, pp. 141 4 2 ) These discs made
use of the single frame and the random access
capability of the videodisc players. Sjmce Disc I was
not based upon any particular model of instructional

design.
Our four physics discs were developed with
specific instructional purposes in mind. Each can be
related to one aspea of Malone's work, although we
would claim that all three features of intrinsically
motivating instruction are present in each lesson.

Challenge
There is almost no greater challenge to a physicist
than to develop a way to construct mental models
that use the language of mathematics to describe and
predict the behavior of nature. Hence. in our
beginning physics courses we seek to challenge
students to use the mental constructs of physics to
understand everyday events. In nearly all general
physics courses the first portion of the course treats
the study of moving objects near the surface of the
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CONTENT
Introduction
Air Bags and lmpulse
Seat Belts and Newton's Laws
Bumpers. Collision Time and Car Damage
Bumpers and Energy Transfer
High S p e d Car-Barrier Collision 1
High Sped Car-Barrier Collision 2
Two-Car Collision at 90'
Two-Car Collision at 60'
Collision Models-One Dimension
Collision Models-Two Dimensions

earth. Usually the concepts of force and energy,
based upon the work of Isaac Newton, are introduced. 7he descriptive and predictive power of these
concepts is most easily demonstratcd in situations
where the influence of friction is small. Then the
students arc challenged to use these concepts to
explain the more complex situations they daily
enoounter. This is the fundamental challenge inherent
in two of our discs, Physics and Auraobile Colli-

sions and Energy Tmnrfnmtions Featuring 73e
Bicycle.
The videodisc, Physics ond Automobile Collisions, by Dean Zollman and Robert Fuller (John
Wiley and Sons, 1984)'. presents high-speed research films that have been taken to study a variety
of automobile collisions. The content of the disc is
organized into eleven chapters (see Table 1). The
first nine chapters present the visual images of different aspeas of automobile collisiom. The last two
chapenshow low friction simulations of automobile
collisiom that were videotaped in a physics
labotatory.
The disc is organized so each chapter can be
watched as a single-concept short film. Some of the
conctpts of physics can be presented in a qualitative
manner. For example, the vector nature of rnomentum is dramatically displayed in the collision of two
cars traveling at about 40 kilometers per hour
power
colliding at an angle of ninety degrees. But
of videodisc technology is, we think. dramatically
demonstrated by the ability of the student to use the

the

*T)lis disc was asmtially done by DtM Zdlman while
on ubbatical icavc at the University of Utah. My
involvement with this disc was very small. This disc was
the last of our discs to be mastered, but it was rhe second
muter tape we completed.

Time (KC)
0
.014
.028
.043
.058
.072
.099

.I 14

.I28
.I42
.148*

Distance (meters)
Of .04

.18
.37
-55

.74
.93
1.11
1.48
1.67
1.85
1.94

*Front of car strikes barrier
'using the step frame upability of the videodisc player
a stud& can cdlect data' from chapter 6 of the physics
ud Automobile Collisions videodisc. The auto was w i n g
c
it struck the
at a conslant sped of about 13 m l ~ until
bma.

Time (scc)
Distance (mctm)
.I79
2.325.04
.I87
2.37
.I95
2.53
.203
2.50
.211
2.54
.2 19
2.56
.227
2.59
.235
2.61
.243
2.63
the step frame capability of the videodisc player
a student can collcct data on the location ofthe automobile
just after it strikes the barrier. It dsclerates at the constant
rate of about 40 dstclsec, or about 4 g's.
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already think they understand. Perhaps the most
common mode of transponation for college students
is a bicycle. The disc, Energy Tmformatiotu
Featuring the Bicycle by Roben Fuller and Dean
Zollman (Great Plains National Instructional
Television Library. 19841.. is a very large visual
database. A student uses the videodisc to interrogate
in a variety of ways using the random access and
step frame capabilities. The disc's content is arranged
in seven chapters by energy considerations (see Table

step frame capability of the videodisc player to
collect detailed numerical data from the video
images. A careful quantitative analysis of a real
world event is possible.
For example, the collision of an automobile and
a barrier is shown in chapter 6. The original film
frames per second. Using calibrawas shot at 600111
tion marks attached to the automobile, a student can
use this videodisc to determine the location of the
car at various times as shown in Tables 2 and 3 and
draw a graph as shown in Figure 4. For about the
first 150 milliseconds the car is moving at a constant
speed of 13.1 meters per second. Then the front of
the car strikes he barrier and the next 90
milliseconds of motion is well described by assuming
a constant deceleration of about 40 meters per
second, or four times the acceleration of gravity, at
the earth's surface. This is called a force of four g's.
Thea analyses are based upon the concepts
introduced in general physics, or engineering
mechanics courses. They are appropriate for most
beginning physics and engineering students. Nevertheless, the correct completion of such analyses
would challenge these students' understanding of the
fundamental concepts of dynamics.
Energy and work are imponant concepts in
physics. Students need to be able to use work and
energy to explain the behavior of systems they

-

FRONT OF
CAR m r m s

BARRIER
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-
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*
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T h i s disc was the last one we did. Based upon its
television quality. it is our best. The funding for this disc
was provided by an AnnenberglCPB grant to Nebraska
Educational Television. Jack McBridgc, project director.

%
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-

One example of what can be done with this disc
is shown in Figure 5. In chapter 26 of h e disc a series
of frames provides the magnitudes of the vertical and
horizontal forces applied to a pedal of a bicycle while
it is being ridden at a constant speed. Students arc
asked to use numerical methods to calculate the work
done on the bicycle by the rider.
in subsequent chapters this numerical value for
work done. or energy input, is compared to the ways
energy is taken from the bicycle by rolling and wind
resistances. Finally. the students are challenged to
compare the kinetic energy of the bicycle to the

HIGH SPEED BARRIER COLLISION 1
mm.-m-.m

-

4)

l
l
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l
l
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l
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1

1
IOG

1

I
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I
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I
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I

1
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1

I
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I
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Figure 4. An uomple of a graph that can be drawn from dora collecred using the step frame capabiliry of
rhc videodisc player to analyze the collision of an automobile with a barrier (taken from Chapter 6 of rhe
Physics and Automobile Collisions videodisc).
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Chapter No.

Contents

Frame No.

..
ZO.....
............Energy Input. . . . . . . . . . . . . . . .
21.................Introduction
22.................Energy
Input Calculations
23. ................12-speed Sport .....Heidi
24 .................3-speed Commuting. ....Heidi
lO.................Introduction

to Energy Transformations.

1969
4485

Racing.....Karl
...................12-speed
1-epeed B~X.....Miles
30......
...........Energy Transmission. . . . . . . . . . . . . 7616
31.................Introduction

25...............
26

32.................Ideal
33.................Definition
34.................Diatance
35.................Gear
36.................Actual
37.................Definition
38.................Force

Mechanical Advantage
Ratios
Ratios
Mechanical Advantage
Ratios

. . . . . . . . . . . . . . .26808

.................
.............

40
Energy Losses.
41.................Introduction
42....
Rolling Resistance
43.................Masses
and Centers of Mass
44.................Wind
Resistance
IS.................Wind
Tunnel Experiments
46.................Frontal
Area of Cyclists

........
. . . . . . . . . . . . . . . . . 39258
........
60.................Energy Output . . . . . . . . . . . . . . 43760
61.................Introduction
to Energy Output
62 .................Energy Output Calculations
63 ................. 12-speed Sport.....Heidi
64 .................3-speed Commuting.. ...Heidi
65 .................12-speed Racing.....Karl
66 .................1-speed BMX.....Miles
70 .................Summary. . . . . . . . . . . . . . . . . . .52181
79 .................Acknowledgements. . . . . . . . . . . . . . 52620
8

SO.........
Braking.
Sl.................Introduction
to Braking
52.........
Stopprng Distances

energy input. They are surprised to discover that the
kinetic energy is about ten times the input energy.
Then, they are directed by a number of activities in
the student lab book to try to figure out this apparent
contradiction.

Curiosity
A surprising event may evoke curiosity. The intuitive

understanding everyone has of the motion of human
beings near the surface of the earth is challenged by
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clockwise motion

Figure 5. Foms for Miles riding a I-speed BMX bicycle. Crank length = 130 mm (takenfrom chapter 26
of the Energy Transformations Featuring the Bicycle videodisc).

special efftas in the opening sequence of our Studies
in Motion disc.
This disc, Studies in Motion by Dean Zollman
and Robert Fuller (Great Plains National lnstructional Television Library, 1983),opens with a ballet

sequence. Hidden in the sequence are three moves
by the ballerina that are normally impossible. The
sequence is played w i h t advance warning. At the
end of the squence the viewers are asked if they
saw any unnatural motions in the previous sequence.
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Responses given to that question are then used by
the computer program to route the students through
the various activities on the disc.
Scenes from ballet, diving, and gymnastics are
offered to the students. They must analyze free fall,
projectile. and rotational motion using concepts from
kinematics. From a series of scenes featuring the
various athletes, the students can determine the
performer's center of mass or moment of inertia, as
needed (see Table 5). This disc is designed for use
with computer overlay onto the videodisc images in
order to carry out a series of quantitative calculations.

Fantasy
The first interactive educational videodisc we made
that incorporated some aspects of fantasy is now
commercially available as 771ePuzzle of the Tacoma
Narrows Bridge Colkzpse (Fuller. et.al., 1982). This
videodisc was made to use the limited memory (1 K)
of the Discovision PR-7820 industrialleducational
videodisc player to form a complex educational disc
offering three different levels of instruction on the
physics of standing waves. This disc is supported
by a printed instructor's guide and a student exercise
booklet (see Table 6).
The Tacoma Narrows Bridge videodisc opens
with seven and a half minutes of the archival film
of the famous collapse of the Tacoma Narrows

Bridge in 1940 (see Figure 6). This sequence is a
docuhistory based on eyewitness accounts and the
records of the investigations into the causes of the
collapse. The students are asked why this bridge
collapsed. The students arc implicitly invited to
become detectives and solve this mystery, to which
end all the rest of the material on the disc is directed.
The vidtodisc is divided into four sections. One
section of the videodisc shows a variety of winds
blowing on a model of the bridge. The students are
able to select what wind conditions to watch and to
draw conclusions from these observations. Subsequently. the students are told how the physical
properties of an object change the object's vibrations.
The students are then required to make measurements of the vibration frequency of different vibrating strings using the frame number on the disc
as a digital clock. After the students have completed
the analysis of the data. several questions are asked
to help the students apply the analysis to the properties of bridges. There are three different levels
of summary activites for the students, according to
their mathematical skills. Finally. Ella Fitzgerald is
shown breaking a glass with the sound of her voice
as the bridge falls into the water. The student detective is encouraged to write a summary explanation
of the causes of the collapse in the student guide.
To date, this videodisc has been used by several
hundred university physics students in a variety of

TABU5

Studies In Motion
Contents
Exploration
The Dance

Frame No.

1441

Diving Sequences
Wendy's Dives
Dave's Dives
Gymnastics Sequence
Maha's Routines
Jim's Routines
Data Scenes
Instructions (center of mass)
Instructions (moment of inertia)
Mass-Height Data
B a l m Point Data
Sum of Toques Data
Rotational Speed Data
Momenu of Inertia Data
Cdiu
53119
The contents of the Studies in Motion videodisc. It does not have chapters. It was designed for computer control using
an werlay board.
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Chapter

0
1

Topic

How to Access

Introduction to the Player
Table of Contents

Ress RUN
119lRECALUSEARCH

Tacoma Narrows Bridge Collapse
Beginning
Close-up of Automobile on (he Bridge
End

49lRECALL SEARCH
SIIRECALLISEARCH
SOIRECALUSEARCH

influence of the Wind on the Bridge
Beginning
Model Bridge Demonstration
Fan Demonstration
Bridge and Fan Experiments
Experimental Choice Matrix

60IRECALUSEARCH
611RECALL SEARCH
63IRECALUSEARCH
66lRECALUSEARCH
67lRECALUSEARCH

Imponance of Physical Properties of the Bridge
Beginning
Wave Defini~ions
Standing Waves
In~roductionto Standing Waves Experiment
Variables in the Experiment
Calculations of Rope Frequency

IOOlRECALUSEARCH
103lRECALUSEARCH
13OIRECALUSEARCH
140lRECALUSEARCH
1421RECALUSEARCH
143IRECALUSEARCH

Frame No.

149
190

22297
26164

Standing Wave Experiments
Data Runs
17
16
IS

Summary
Green Level
Blue Level
Red Level

The contents of The Puzzle of The Tacoma Narrows Bridge Collapse videodisc. This disc contains memory location and
programming on its audio track for use with a stand-alone videodisc player. It was developed for use with a variety of
levels of physics students: the green level is for beginning students who are taking a conceptual physics course. the blue
level is for students laking an algebra-based course. and the red level is for students who are enrolled in a calculus-based
physics course.

settings. Students' attitude toward this new medium
of instruction has been positive. The Tacoma
Narrows Bridge film footage is very interesting and
seems to motivate strongly the students. In comparing the videodisc students with students doing the
typical vibrating string experiments in the physics
laboratory. no less understanding was shown by the
videodisc students than by the test scores of the
students who had performed the experiments using
laboratory equipment (Wankel 1984). Another study
showed that the students using the videodisc lesson
did not separate and control variables as well as did
students using real physics apparatus (Stevens 1984).
The extent to which surrogate experiments via
interactive videodiscs can serve as a useful alternative
to the usual science laboratories is a research question
still under investigation.

Summary
The union of computer and videodisc technologies
seems to offer exciting new possibilities for
instrinsically motivating lessons. Their proper integration will require the development of new yams
of educators. The development team for interactive
videodisc materials needs to have a content specialist,
an educational technologist, a computer-assisted
learning expert, and a television producer. In the
United States it is unusual for these four types of
persons to work together. At the British Open
University (BOU), these people work together on
a regular basis as a part of BOU course teams. Thus,
the British Open University has a excellent opportunity to become a leading institution in the production and use of interactive videodisc systems for
education.

Viodisc and Optical Disk January-February 1985
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Figure 6. h e collapse of the Tacoma Narrows Bridgc in November. 1940, brought changes to the design
and construction of suspension bridges. 7hisphotogmph shows one of the dramatic t o r s i o ~oscillations
l
thar
occurrcd in the bridge on the day of its demise.

The BOU embarked upon an interactive videodisc project as a learning experiment for a BOU
summer school course in materials sciences
(William 1983).The lessons invited students to be
involved in a trial. 7 k Casc of The Blind Teddy
Bears. ?he resolution of the case involves the
properties of the plastic buttons and metal-retaining
washers of Teddy Bear eyes. It is, I think. a superb
example of intrinsically motivating instruction.
We now have the opportunity to bring together
two very promising approaches to learning: computer games and interactive videodiscs. However,
this combination of new technologies with a theory
of intrinsically motivating instruction will make
startling new demands upon educators. They will
have to be able to think about the content of their
disciplines in fantasy stories that will challenge their

students and excite their curiosity. In addition, they
will have to work as members of a lesson develop
ment team, rather than as traditional sole authors.
Yet the most difficult obstacle to the eventual use
of interactive wmputer/videodisc learning materials
is probably not in the authoring/development
process. Ultimately. these materials require a new
way of managing the use of classroom and course
study time. They require a shift away from the
domination of learning by lecture and print media.
These interactive lessons work best in a small group
setting. Will we be able to reshape the batchprocessing structure of education to make these
approaches available to large numbers of students?
Are we ready to think about convening schools into
educational arcades? Perhaps the Tacoma bridge is
closer to the dragon's lair than we ever imagined.
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